ABSTRACT Objectives: To examine secular and socio-economic changes in cardiovascular disease risk factor prevalences in the Scottish population. This could contribute to a better understanding of why the decline in coronary heart disease mortality in Scotland has recently stalled along with a widening of socio-economic inequalities.
INTRODUCTION
In Scotland, as elsewhere, coronary heart disease (CHD) mortality decreased rapidly from the 1970s to the 1990s. 1 Despite this, Scotland continues to have CHD mortalities among the highest in Europe. 2 Approximately 60% of this decline has been attributed to riskfactor reduction; the remainder being predominately ascribed to improvements in medical treatments. 3e5 Between 1986 and Key messages -In Scotland, over a 13-year period since 1995 there have been at best only moderate declines in the prevalence of behavioural risk factors and no change in their socio-economic patterning, notably for smoking and poor diet. -There has, however, been an increase in selfreported conditions predisposing to cardiovascular disease. -This threatens to maintain inequalities in coronary heart disease mortalities and stifle further declines in mortality.
Strengths and limitations of this study
-This study utilised data from nationally representative surveys conducted over a 13-year period. -The declining response levels to these surveys are of concern, possibly introducing bias. However, differential non-response by the socioeconomically disadvantaged may lead to an underestimation of the magnitude of inequalities.
2006, this steady fall continued for older age groups. But from 1994, mortalities slowed, or even stopped, for individuals under 55 years. 6 Similar plateauing in CHD mortalities has been identified in the USA, Australia, and England and Wales. 7e9 Fifteen per cent of Scotland's 5 million population is income-deprived, and this deprivation is not evenly distributed, for example, in the City of Glasgow a quarter of the population experiences income deprivation. 10 In many countries, there is a steep socio-economic gradient across CHD mortality that has persisted.
11e13 Furthermore, evidence for widening inequalities has been reported in the USA, Europe and Scotland. 6 Much of the excess CHD associated with the socio-economically disadvantaged can be explained by the corresponding patterning in cardiovascular disease (CVD) risk factors, particularly smoking. 14 15 In this paper, we therefore investigate CVD risk factor prevalences according to socio-economic measures in Scotland between 1995 and 2008 using the Scottish Health Surveys (SHeSs). This might provide some explanation for these worrying trends in CHD mortality. External changes in socio-economic measurement practices have prevented the SHeSs reporting such indices consistently over time. 16e19 We therefore now focus on the socio-economic patterning of behavioural CVD risk factors and self-reported CVD-related health measures according to two consistently available measures: educational level and social class. SHeSs are crosssectional, nationally representative surveys reporting the health and health-related behaviours (with emphasis on CVD) of people living in private households in Scotland; details are described elsewhere. 16e19 The samples were selected using a multistage stratified clustered probability sampling design. Data were collected by face-toface interviews. The 2008 survey was part of a continuous survey running until 2011, utilising a smaller sample size than previously. The interview response proportion declined from 81% in 1995 to 54% in 2008. The surveys were age-limited in 1995 (16e64 years) and in 1998 (2e74 years). Analyses were restricted to individuals aged between 25 and 64 years at the time of interview giving sample sizes that fell from 6910 in 1995 to 4202 in 2008 (table 1). The lower age limit was adopted because educational achievement is believed to be relatively stable by this age. The upper limit was dictated by the 1995 survey.
METHODS

Survey method and sample
Risk factors
Risk factors were dichotomised with respondents having, or not having, the factor. Cigarette smokers were defined as respondents who currently smoked cigarettes. The consumption of alcohol by type, frequency and volume in the previous 12 months was converted into alcoholic units per week (one alcoholic unit¼10 ml of ethanol).
Excessive drinkers were classed as those exceeding the UK recommended weekly limits (men >21, women >14 units/week). 20 A revised conversion method employed for 2003 and 2008 data precluded inclusion of the earlier surveys. 21 Wine-glass size was only recorded in 2008.
Whether or not respondents complied with the UK government's recommendations on physical activity was recorded from 1998. The recommendations entail five or more occasions per week of at least moderate activity, for a total of at least 30 min/day. 22 23 Contributing activities included those performed at home (housework, gardening, DIY, etc) and at work, as well as sport, exercise and walking. Activities performed for longer than 15 min contributed to the total.
Discretionary salt use was split into 'yes' or 'no' to the question 'At the table do you generally add salt to your food without tasting it first?' Low fruit and vegetable consumption was defined as eating less than five portions of either a day and was limited to the last two surveys. Self-reported diabetes and hypertension were recorded only if a doctor had informed respondents of the diagnosis. This was irrespective of treatment and was excluded if associated with pregnancy.
Socio-economic measures
Occupational social class (Registrar General's) was divided into seven categories I, II, III non-manual, III manual, IV, V and others (including armed forces/ unknown). In 2003 and 2008, it was derived from the National Statistics Socio-Economic Classification (NS-SEC). 24 The highest educational qualification that respondents achieved was divided into four levels: no qualifications, level 1: age at end of compulsory schooling¼16 years from 1971, 15 years from 1947 and 14 years prior to 1947 (O grade, standard grade, GCSE or equivalent), level 2 (higher grade, A level, GSVQ advanced or equivalent and HNC, HND, SVQ Levels 4 or 5 or equivalent) and level 3 (first degree, higher degree or professional qualification, eg, teaching or accountancy). Between each survey, there was a slight variation in the questions used to determine educational attainment to reflect changes in the education system.
Statistical analyses
The prevalence of each risk factor was determined for the period 1995 to 2008 according to social class or education; participants in the 'other' categories were excluded (table 1) . Respondents with missing data were only excluded from analyses of the affected risk factor. Survey weights were used to adjust for disproportionate sampling, differing selection probabilities and differential non-response. Gender-stratified prevalences were age-standardised (direct method) to the European standard population. 25 For each risk factor and survey year, the slope index of inequality (SII) was estimated using the weighted least-squares method. The SII is the linear regression coefficient for the relationship between . A significant negative SII was present for women in both these surveys, except for by education in 2008. There were no significant SIIs for men.
In the 10 years from 1998, the proportion of men not achieving recommended physical activity levels declined from 60.5% (58.8% to 62.2%) to 51.2% (49.0% to 53.3%) (table 3). A similar improvement occurred among women, falling from 68.6% (67.0% to 70.2%) to 62.5% (60.4% to 64.5%), albeit starting from a less favourable level. By social class, the negative SIIs for social class among men were significant or borderline significant, while for women the positive SIIs were small and non-significant. For education, significant SIIs were identified for 1998 and 2008 in women, with a borderline significant increase in the index over time (table 2) . There were minimal social gradients for men.
For women, there were significant positive SIIs for lessthan-ideal fruit and vegetable intake for both socioeconomic measures (tables 4, 5). The proportion of women not meeting recommendations decreased in most of these social and educational strata. In general, more men than women did not achieve recommended limits. Among men, there was little change over time. There were reductions over time, in the proportion of adults who added salt to their food at the table without first tasting it, irrespective of gender or socio-economic position (tables 4, 5). There were significant SIIs for the majority of survey years for both socio-economic measures.
Overall, there were significant linear increases in selfreported diabetes prevalence per year of 0.12% (p¼0.03) for men and 0.10% (p¼0.04) for women; by 2008, the prevalence for men is 3.6% (2.8% to 4.4%) and for women 3.0% (2.3% to 3.7%)(table 6). When stratified by education, inequalities had increased by 2008, in this year the SII¼2.9 (p¼0.03) for men and 5.0 (p¼0.23) for women; among men, this represented a significant increase in the SII of 0.22 per year (p¼0.005). According to social class, the increase in socio-economic gradient was less consistent, but by 2008, it was steeper than in 1995 ( 
DISCUSSION
This study has investigated trends in the socio-economic patterning of selected CVD risk factors between 1995 and 2008 in the Scottish population. Although there were marginal overall reductions in most adverse behavioural risk factors, these were not evenly distributed across society. Where inequalities existed in 1995, there had been no discernible narrowing of the gap 13 years later. There was even a hint of widening in some cases, although this was not significant. Self-reported diabetes and hypertension also increased in prevalence over this time with worrying indications that this had occurred at a faster rate in the socio-economically disadvantaged.
Smoking is both a powerful CVD risk factor and the strongest contributor to socio-economic differences in CHD mortality in both Scottish and English populations. 27 Smoking prevalence has a steep socio-economic gradient that has persisted, or worsened over time in Scotland, as in many countries. 28e32 In this study, the picture was more encouraging for women with a declining prevalence for all groups with a marginal reduction in the socio-economic differential. However, sharper falls in smoking among UK non-manual groups have been reported elsewhere for men and women between 1998 and 2008, thereby widening the gap. 33 It is probably premature to judge the effect on smoking prevalence of the 2006 ban on smoking in public indoor spaces introduced in Scotland. 34 It may be naïve to hope that it will accelerate the moderate decline seen in this study.
The higher consumption of alcohol by women of higher socio-economic standing is frequently reported, 33 35 including in Scotland. 36 The latter mid- 1980s study identified that male manual workers had heavier alcohol consumption as opposed to the absence of a pattern in our study. The use of a revised conversion method prevented use of the earlier surveys, in which alcohol consumption was probably underestimated. 21 Some under-reporting of alcohol consumption is known to exist due to the pressure of social desirability and recall error, but self-reported measures are nevertheless believed to have some validity. 37 Furthermore, biases common to all variables from the SHeSs could lead to heavy drinkers being under-represented.
Across all socio-economic groups, fewer people were falling short of recommended physical activity levels by 2008. However, the improvements were not dramatic. For women, we identified a physical activity gradient by education level. Physical activity has been shown to be an important explanatory variable for educational level differences in Finnish CVD mortality. 38 Education did not differentiate between physical activity levels among men, but social class did, with the negative SII reflecting the physical nature of manual occupations. The 2003 Health Survey for England identified a similar gradient based on NS-SEC. 39 Low fruit and vegetable consumption can be considered a proxy for a poor diet. Most affluent men and women more frequently consume a healthier diet in England, 39 Australia 29 and elsewhere. In this study, there had been minimal change in fruit and vegetable dietary habits over 5 years, despite the 'five a day' campaign in the UK. 40 Not adding salt at the table may indicate an awareness of the associated health issues rather than reduced consumption.
The worrying increase in diabetes and hypertension prevalence could reflect the rise of obesity among the Scottish population. 16 These variables were considered irrespective of treatment, as population changes were of interest. The rise in diabetes, with a widening socioeconomic gap, could be a warning that Scotland is replicating trends seen in England, the USA and Canada. 28 30 41 42 Self-reported hypertension also increased in Canada, with a widening of socio-economic disparities. 30 This could reflect persistent high dietary salt consumption (perhaps associated with processed food and fast food), distinct from the reduced discretionary salt use reported here. In the UK, discretionary salt intake has been reported to contribute only modestly to sodium intake, while processed foods contribute heavily to the total. 43 The extent to which medical intervention may ameliorate this trend in hypertension is limited. 44 A worrying increase in objectively measured hypertension has also been identified using the SHeSs, 45 much as in the USA.
46
The use of both education and social class as measures of socio-economic status should provide gains compared with using just one, particularly as they are not necessarily interchangeable. 47 48 Alternative indices such as area of deprivation, income and NS-SEC were not consistently available across the surveys. The age of departure from education was available, but the highest qualification achieved was considered superior, as it accounted for further education later in life. Better education may provide the knowledge required to adopt healthier lifestyles and often facilitate a better occupation with a correspondingly higher income. The use of NS-SEC-derived social class in the last two surveys and the change in composition of social classes over time may have led to some of the observed alterations in riskfactor prevalence patterning. The low numbers in the highest and lowest categories, particularly for unskilled women, might have led to potentially volatile estimates. One of this study's strengths is the use of data from nationally representative surveys. We also recognise a number of limitations. Only individuals living in private households were surveyed, excluding, for example, those in residential care, hostel dwellers, the military and students in residential halls. Feasibly, these communities may have different health behaviours from those surveyed. All of these risk factors are self-reported and therefore subject to recall bias and respondents' desire to falsely report sociably acceptable behaviour. The declining response levels in these surveys are of concern, possibly introducing bias. This problem is common across surveys in general. However, a switch to sampling multiple adults within households from 2003 probably contributed to the decline, as interviewers, after enrolling one individual, may have been disincentivised to pursue additional household members. Responders to health-examination surveys tend to be older, female and of a higher socio-economic class and to live a healthier lifestyle. 49 Furthermore, the 2003 SHeS response was indeed modestly skewed towards those in less deprived areas. 50 Conversely, some studies have suggested that such non-response biases can have minimal impact on prevalence estimates. 51 52 On balance, a differential response could lead to underestimates for most risk factors in the lower socio-economic groups, which suggests that true inequalities are even greater than those shown here.
The focus in this study was on health behaviours, partly because they causally precede many of the CVD biological risk factors. The limited range of factors considered, plus disparities in their contribution to overall risk, curtails the potential for explaining CHD mortality inequalities. Some researchers have noted an inability of risk factors to fully explain socio-economic differentials in CVD mortality. 11 53 However, risk factors should not be considered in isolation, as they cluster within individuals, 54 and the relative risks of CHD mortality has been shown to increase substantially with each additional factor. 55 Lawder et al, using the 2003 SHeS, identified that 97.5% of the Scottish population had at least one of the following risk factors smoking, excessive alcohol consumption, poor diet, low physical activity or overweight/obesity. 50 The socio-economically disadvantaged have been shown to be more likely to have multiple lifestyle risk factors. 50 56 We therefore hope to consider biological risk factors and the impact of clustering in a future analysis. It is not possible to assess the contribution of the myriad of interventions aimed at improving the Scottish population's health to the moderate declines, or to the changes in inequalities, seen in this study. Some critics might state that the sum effect has been limited, prompting the disparate arguments that future interventions should focus on legislative regulation (eg, smoke-free legislation 34 ) or be less dictatorial (eg, the 'nudge' approach 57 ), or be more focused on particular groups of individuals. We examined risk factors in those over 25 years of age where health behaviours will be well established. It is early in life that social inequalities have their greatest impact on determining persistent behaviours and health status.
58e60 Consequently, it has been suggested that interventions should be early in life. 61 Theoretically, interventions that result in small changes in risk-factor prevalence at the population level can have great gains in reducing CHD mortality. 62 63 The time lag between changes in risk factors and changes in CHD mortality is now understood to be relatively short. 64 65 For smoking cessation, it may be only a few months, 66 and for population diets changes as little as 2 or 3 years. 65 If social inequalities in CHD mortality are to be addressed, then interventions need to be targeted at the socio-economically disadvantaged. An effective solution might be to address the actual causes of social inequality rather than its downstream effects on risk factors. 67 Whatever the approach to reducing risk factors in the future, it is obvious that much more needs to be done.
In conclusion, there has been minimal, or at best only moderate, decline in behavioural cardiovascular risk factor prevalences since 1995. Over the same period, selfreported diabetes and hypertension have increased in prevalence. These findings could help explain the recent stagnation in CHD mortalities. Furthermore, the lack of change in the socio-economic gradients associated with these risk factors may ensure that inequalities in cardiovascular mortality remain entrenched in the Scottish population. Contributors JWH drafted the manuscript, with contributions from all other co-authors. AHL and JWH conceived the study design with contributions from the other authors. JWH did all the analyses. JWH is guarantor. All authors had full access to all the data in the study and take full responsibility for their integrity and the accuracy of their analysis.
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